We have previously demonstrated that the acetyl low density lipoprotein (LDL), or scavenger, receptor is expressed by rabbit smooth muscle cells (SMCs) and fibroblasts. Moreover, receptor activity in rabbit fibroblasts was regulated over a wide range by preincubating the cells with secretion products from human platelets or with phorbol esters. The current studies were undertaken to examine the regulation of receptor expression in rabbit SMCs, to characterize further the receptor expressed by rabbit SMCs and fibroblasts, and to determine whether incubating these cells with chemically modified lipoproteins would lead to foam cell formation. Receptor activity was increased fivefold in rabbit SMCs by preincubation with platelet secretion products and nine-to 20-fold by preincubation with phorbol esters or mezerein, a non-phorbol activator of protein kinase C. The phorbol ester-induced increase in receptor activity was due to an increased mass of scavenger receptor as determined by both ligand blots and immunoblots of membrane proteins from these cells. The immunoblotting studies suggest that the SMC scavenger receptor activity is due to type I or type II scavenger receptors. 
Further Characterization of the Acetyl LDL (Scavenger) Receptor Expressed by Rabbit
Smooth Muscle Cells and Fibroblasts 7 We previously demonstrated that the scavenger receptor expressed by both rabbit fibroblasts and smooth muscle cells can be regulated. 7 Higher levels of degradation of acetoacetylated (AcAc) LDL-a ligand for the scavenger receptor -occurred when the cells were preincubated with either rabbit or human serum than when they were preincubated with plasma. The platelet secretory products present in serum appear to be responsible for receptor regulation, since incubation of rabbit fibroblasts with secretion products from thrombin-stimulated platelets enhanced the specific degradation of AcAc-LDL. In addition, incubation of rabbit fibroblasts with phorbol esters, which activate protein kinase C, resulted in a 16-fold increase in the degradation of AcAc-LDL. 7 The current studies were undertaken to characterize further the receptor expressed by rabbit smooth muscle cells and fibroblasts and to determine whether the uptake of chemically modified lipoproteins by these cells would lead to lipid accumulation and foam cell formation.
Methods

Materials
Fetal bovine serum (FBS), Dulbecco's modified Eagle's medium (DMEM), Dulbecco's phosphate-buffered saline (PBS), penicillin, streptomycin, sodium [ 125 I]iodide, the fluorescent probe l,l'-dioctadecyl-3,3,3',3'-tetramethylindocarbocyanine perchlorate (Dil), and rabbits were obtained as previously described. 7 Phorbol 12-myristate 13-acetate (PMA), mezerein, Lieberman/ Burchard reagent, and cholesterol standards were purchased from Sigma Chemical Co. (St. Louis, Mo.). Human platelets were obtained, and secretory products were isolated after thrombin stimulation as described previously. 7 Iodo-beads were purchased from Pierce Chemical Co. (Rockford, 111.). High-performance thinlayer chromatography plates were purchased from Merck. Peptides corresponding to amino acids 17-27, 104-119, and 204-217 of the bovine scavenger receptor 8 were synthesized at the Biomolecular Resource Center, University of California, San Francisco. To facilitate coupling to keyhole limpet hemocyanine 9 before production of antibodies in guinea pigs, all the synthesized peptides possessed an amino-terminal cysteine.
Lipoproteins
Rabbit LDL (d= 1.02-1.063 g/ml) and human LDL (d= 1.02-1.05 g/ml) were obtained from plasma (1 mg/ml EDTA) by sequential density gradient ultracentrifugation. 10 Human lipoprotein-deficient serum was derived from plasma as previously described. The lipoproteins were dialyzed against saline-EDTA (0.15 M NaCl and 0.01% EDTA). The LDLs were then iodinated by the method of Bilheimer et al u or, for use in specific binding experiments at 4°C, were labeled to high specific activity using Iodo-beads according to the manufacturer's recommended procedure. The human LDLs were labeled with the fluorescent probe Dil. 1213 The l2S I-LDL and Dillabeled lipoproteins were acetoacetylated.
14 Human LDLs, for use in ligand blot experiments, were acetylated as described by Basu et al. 15 
Cell Culture Experiments
Peritoneal macrophages were obtained from nonstimulated Swiss-Webster mice as described. 1 Peritoneal macrophages were obtained from rabbits by peritoneal lavage 4 days after injection of a 3% solution of thioglycolate broth. The Watanabe heritable hyperlipidemic (WHHL) rabbit fibroblast cell line WFbl and the New Zealand White rabbit smooth muscle cell line NFASMC were established in our laboratory. 16 The New Zealand White rabbit smooth muscle cell lines SMC2 and SMC3 were provided by Drs. Lisa Minor and George Rothblat (Medical College of Pennsylvania, Philadelphia, Pa.). Cells were routinely grown in DMEM containing 10% heat-inactivated FBS, penicillin (100 units/ml), and streptomycin (100 /xg/ml). The medium was routinely changed 48 hours before an experiment. The cells were then incubated at 37°C in DMEM containing either 10% FBS or 10% human lipoprotein-deficient serum as described in the figure legends. Cells for fluorescenceactivated cell sorter (FACS) analysis were incubated for 16 hours at 37°C with Dil-labeled AcAc-LDL (5 ^.g/ml) in DMEM. The cells were processed and analyzed as described previously. 7 For lipoprotein degradation assays, the cells were washed with DMEM and the 125 I-labeled lipoproteins were added to the cells in DMEM. The cells were incubated at 37°C for the times indicated, and the trichloroacetic acid-soluble lipoprotein degradation products (reported as micrograms of lipoprotein protein degraded per milligram of cell protein) in the medium were quantified as described. 17 All data points are the average of duplicate determinations. Nonspecific degradation (i.e., the amount of degradation obtained in the presence of a 100-fold excess of unlabeled AcAc-LDL) has been subtracted from all data. In certain experiments [ 14 C]oleate (0.2 mM for macrophages and 0.1 mM for fibroblasts and smooth muscle cells) was added to the cells together with the l25 I-labeled lipoprotein and incubated with the cells for 16 hours at 37°C. In these studies it was possible to measure both lipoprotein degradation and cholesteryl [ l4 C]oleate synthesis as described previously.
1317
Direct binding experiments were performed for 4 hours at 4°C as previously described.
13
- 18 The cells were cooled to 4°C, and then 125 I-AcAc-LDL was added to the cells alone or along with a 100-fold excess of unlabeled AcAc-LDL. The data were analyzed as described by Scatchard 19 using both the computer program SCATDATA 13 and the program LIGAND 20 as modified by McPherson. 21 The program LIGAND was obtained from BioSoft (Milltown, N.J.). The number of receptors per cell was determined as previously described. 18 
Ligand Blotting and Immunoblotting
Membrane proteins for ligand blotting and immunoblotting were obtained essentially as described by Via et al. 22 Control or phorbol ester-treated cells were scraped from the tissue-culture dishes in buffer containing protease inhibitors and then sonicated to disrupt the cells, and the octylglucoside-solubilized proteins from the 100,000g pellet were obtained as described. 22 The membrane proteins were applied to one-dimensional sodium dodecyl sulfate-polyacrylamide (5% acrylamide) slab gels, electrophoresed, and then electrophoretically transferred to nitrocellulose. 2324 Nonspecific binding sites on the nitrocellulose were blocked by incubation in blotto buffer (5% nonfat dry milk, 80 mM NaCl, 2 mM CaCl 2 , and 50 mM tris[hydroxymethyl]aminomethane [Tris], pH 8.0). 2S The blots were then incubated with buffer containing either a mixture of three antisera from guinea pigs, immunized with synthetic peptides corresponding to sequences of the bovine scavenger receptor (1:500 dilution), or the ligand acetyl LDL (30 /xg/ml). The blots were then washed free of ligand and antibodies. The ligand blot was then incubated with blotto buffer containing anti-acetyl LDL serum (1:1,500 dilution) and then washed free of antibody with blotto buffer. The immunoblot was then processed further in PBS containing 0.1% Tween 20, whereas the ligand blot was processed in PBS alone. The blots were washed several times and then incubated with protein A conjugated to horseradish peroxidase (1:7,500), incubated with reagents for chemiluminescent detection (Amersham), and placed on x-ray film for exposure.
Lipid Loading
Cells for lipid analysis and oil red O staining were grown in 35-mm Petri dishes for 5 days in DMEM containing 10% FBS and then for 2 days in DMEM containing 10% FBS alone or supplemented with PMA (50 ng/ml). The cells were washed and then incubated in DMEM alone or DMEM containing AcAc-LDL (50 /ig/ml). After incubation, the cells were washed exactly as for the binding and degradation studies, i.e., three washes with PBS-bovine serum albumin, two 10-minute washes with PBS-bovine serum albumin, and then two washes with PBS. 13 Then either the cells were stained with oil red O as described, 26 or their lipids were extracted with hexane/isopropanol (3:2, vol/vol) for 30 minutes at room temperature. 17 After lipid extraction, the plates were air-dried and the protein from each dish was solubilized in 0.1N NaOH for subsequent analysis. 27 Aliquots of the lipid extract and cholesterol standards in isopropanol were evaporated to dryness under nitrogen. Total cholesterol was measured by adding 250 fi\ of the Lieberman/Burchard reagent to the dried standards and to a dried aliquot of the extract, heating the mixture for 15 minutes at 37°C, and then reading the absorbance at 636 nm. This procedure was linear from 1 to 25 fig total cholesterol. Cholesterol and cholesteryl esters were quantified separately by densitometry after highperformance thin-layer chromatography. 25 Standards of cholesteryl ester and free cholesterol in the range 0.1-1.5 tig were run on the same thin-layer chromatography plate as the samples to generate standard curves for each. The high-performance thin-layer chromatography plates (silica gel 60, 10x20 cm) were immersed in methanol overnight to remove contaminants and then activated at 110°C for 1 hour. Aliquots of the samples and standards were applied to the plate in a total volume of 1.5 ii\ or less using a Camag Nanomat spotter (Wrightsville Beach, N.C.). The plates were developed in a Camag linear developing chamber in a system of hexane/heptane/diethyl ether/acetic acid (63:18.5:18.5 -1, vol/vol/vol/vol). All solvents were filtered through a 0.2-fim polytetrafluoroethylene membrane filter before use (Gelman Sciences, Ann Arbor, Mich.). 28 This procedure reduces the background when the plates are charred. The plates were removed from the developing chamber, air-dried, and placed for 20 seconds in a solution containing 10% cupric sulfate in 8% phosphoric acid. The plates were then placed in a cool oven and heated to 180°C. When the plate was cool, the back of the plate was cleaned thoroughly with methanol and scanned using a densitometer in the reflectance mode. 29 
Results
The effect of preincubation of rabbit smooth muscle cells with serum, platelet secretory products, or phorbol esters (PMA) on the degradation of 125 I-AcAc-LDL was tested as shown in Figure 1 . Preincubation of the cells with FBS or with platelet secretory products resulted in enhanced degradation compared with cells preincubated with human plasma-derived lipoprotein-deficient serum. In addition, preincubation of the cells with PMA resulted in a dramatic increase in the degradation of AcAc-LDL ( Figure 1 ). By comparison with the control cells preincubated with serum alone, PMA stimulation of the cells resulted in a nine-to 20-fold increase in degradation of AcAc-LDL in the three smooth muscle cell strains tested.
To explore the regulation of scavenger receptor expression and to determine whether regulation was spe- We then performed ligand blot and immunoblot experiments to demonstrate directly that the induced scavenger receptor activity was due to an increase in scavenger receptor protein. In membrane extracts from phorbol ester-treated cells, a protein at the expected apparent molecular weight for a trimeric scavenger receptor was observed in both ligand blots and immunoblots ( Figure 3 ). This protein was not detected in control cells that had not been treated with phorbol ester. In membranes from rabbit and mouse peritoneal macrophages, the same mixture of antipeptide antisera detected a scavenger receptor of the same molecular weight as that observed in the PMA-stimulated smooth muscle cells (data not shown). The antibodies also specifically detected the bovine scavenger receptor ex- ester-treated cells. These proteins were not increased in the phorbol ester-treated cells and were not detected with the anti-scavenger receptor antibodies. These proteins specifically bound acetyl LDL, since in control blots performed with all reagents except the ligand, no proteins were detected. The physiological relevance of these additional ligand-binding proteins, if any, is unknown.
I-labeled acetoacetylated (AcAc) low density lipoprotein (LDL). New Zealand White adult rabbit smooth muscle cells (SMC2 and SMC3) or fetal aortic smooth muscle cells (NFASMC) were grown for 5 days in 10% fetal bovine serum (FBS) and then for an additional 48 hours either in 10% human plasma-derived lipoprotein-deficient serum (LPDS) with or without platelet secretory products (40 ytglml) or in 10% FBS with or without phorbol myristate acetate (50 ng/ml) (PMA). The cells were then washed with Dulbecco's modified Eagle's medium (DMEM) and incubated at 37°Cfor 16 hours with
To determine whether phorbol esters induced scavenger receptor expression in a subset of the cells or in the entire population of cells, we used FACS analysis to monitor the uptake of fluorescently labeled AcAc-LDL by PMA-treated and control rabbit cells. Two patterns of stimulation were observed (Figure 4) . Preincubation of the rabbit smooth muscle cells with PMA led to an increase in the uptake of Dil-labeled AcAc-LDL in virtually the entire population of cells ( Figure 4A ). In contrast, in this experiment only about 60% of the WHHL rabbit fibroblasts were stimulated by PMA to increase their uptake of the Dil-labeled AcAc-LDL ( Figure 4B ) (see "Discussion" below). The mean fluorescence intensity (which is proportional to the amount of AcAc-LDL degraded) increased approximately 8.5 and 6.5, respectively, in the PMA-treated rabbit smooth muscle cells and fibroblasts (Figure 4) .
To determine whether these patterns of uptake of Dil-labeled AcAc-LDL by PMA-treated rabbit smooth muscle cells and fibroblasts were consistently observed, additional FACS analyses were performed. In two additional experiments with the smooth muscle cell lines SMC2 and SMC3, the patterns of stimulation were the same as that seen in Figure 4A . In the two experiments with SMC2, the increase in the mean fluorescence intensity of the PMA-treated cells relative to controls was 6.6-and 11-fold, while in both experiments with SMC3 an 11-fold increase in the uptake of the Dillabeled AcAc-LDL was observed in response to PMA stimulation. With the rabbit fibroblasts (WFbl) six additional FACS experiments revealed that the response to PMA stimulation varied. The increase in relative fluorescence intensity in response to PMA stimulation ranged from 3.5 to 13.8. The latter value, i.e., the highest increase in the uptake of Dil-labeled AcAc-LDL, was in an experiment in which all cells appeared to be stimulated by phorbol ester treatment. We next performed direct binding studies at 4°C to determine the binding affinity and the number of cell surface scavenger receptors expressed by the cells. 19 Scatchard plots of the direct binding of 125 I-AcAc-LDL to PMA-treated WHHL rabbit fibroblasts and rabbit smooth muscle cells and to mouse peritoneal macrophages are shown in Figure 5 . The data derived from these and other experiments are reported in Table 1 . The data were analyzed for the best fit to a one-or two-receptor model. For the binding of 125 I-AcAc-LDL (0.02-15 /xg/ml) to mouse peritoneal macrophages (Figure 5A and Table 1 ), the best fit was obtained with a one-site model, and the ligand bound with an apparent dissociation constant (^d) of 4.1 xlO" 9 M. Pretreatment of the mouse peritoneal macrophages with PMA had no effect on the binding affinity (data not shown). When rabbit fibroblasts were studied in a ligand range of 0.15-10 ju.g/ml, a biphasic Scatchard plot was obtained, with both high-(K d of 6X10" 10 M) and low-(3.5 xlO" 7 M) affinity binding components. However, a better fit to the data and a linear Scatchard plot were obtained with a one-site model when the nonspecific binding was treated as one of the variables (see References 20 and 21 for a discussion of the site fitting). The K A for binding to this high-affinity site is 5.8xl0~1 0 M. The data do not rule out the possibility that a low-affinity, high-capacity binding site exists. However, analysis of this binding site would require obtaining a significant number of data points at higher ligand concentrations. Since our primary interest is in the high-affinity binding, subsequent experiments were performed with rabbit fibroblasts ( Figure 5C and Table 1 ) and smooth muscle cells ( Figure 5B and Table 1 ), only at lower ligand concentrations (0.025-5 /xg/ml). In these experiments, evidence for only one binding site was obtained. The 125 I-AcAc-LDL bound to the PMA-treated rabbit fibroblasts and smooth muscle cells with an average K a of 5.1 xlO" 10 M, a 10-fold higher affinity than the binding to mouse peritoneal macrophages. Rabbit peritoneal macrophages bound AcAc-LDL with an intermediate affinity (X d of l.Ox 10~9 M). The PMA-stimulated rabbit fibroblasts and smooth muscle cells expressed -10-30% as many receptors as the mouse peritoneal macro- phages. Cells not treated with PMA expressed too low a receptor number to measure even when the AcAc-LDL was labeled to high specific activity with Iodo-beads (-2,600 cpm/ng).
The experiments conducted thus far demonstrate that preincubation of rabbit smooth muscle cells and fibroblasts with PMA leads to an increase in scavenger receptor expression that results in an increase in specific binding, internalization, and degradation of AcAc-LDL. To demonstrate that degradation was lysosomal, the ability of chloroquine to block the degradation of 125 I-AcAc-LDL was examined in rabbit fibroblasts. As shown in Figure 6 , 50 /uM chloroquine inhibited the degradation of 125 I-AcAc-LDL in both control fibroblasts preincubated with FBS alone and PMA-treated fibroblasts. As expected, when degradation of the AcAc-LDL was blocked by chloroquine, there was a corresponding increase in cell-associated 125 I-AcAc-LDL (i.e., material bound and internalized), consistent with trapping of nonhydrolyzed lipoproteins in the lysosomes.
Experiments were performed to determine whether uptake and lysosomal hydrolysis of AcAc-LDL by PMAtreated fibroblasts led to the delivery of cholesterol to the cells and the stimulation of cholesteryl ester synthesis. For this purpose PMA-treated WHHL rabbit fibroblasts were incubated with increasing concentrations of 125 I-AcAc-LDL, and the amount of lipoprotein degraded and the ability of the lipoprotein to stimulate cholesteryl ester synthesis were determined. As shown in Figure 7 , incubating the cells with increasing concentrations of AcAc-LDL led to a saturable, concentrationdependent increase in both lipoprotein degradation and cholesteryl ester synthesis. A similar experiment was performed with control and PMA-treated rabbit smooth muscle cells and mouse peritoneal macrophages ( Figure  8 25% of the level observed in the non-PMA-treated mouse peritoneal macrophages. In contrast, preincubation of mouse peritoneal macrophages with PMA did not increase receptor activity but caused a 25% decrease in the degradation of 125 I-AcAc-LDL and a 30% decrease in cholesteryl ester synthesis. Phorbol esters also decreased the degradation of 125 I-AcAc-LDL by rabbit peritoneal macrophages. AcAc, acetoacetylated; LDL, low density lipoprotein. 'The Watanabe heritable hyperlipidemic rabbit fibroblasts (WFbl), New Zealand White rabbit smooth muscle cells (SMC2 and SMC3), mouse peritoneal macrophages, and rabbit peritoneal macrophages were maintained, and 4°C binding studies were performed as described in "Methods" and in the legend to Figure 5 .
tThe apparent dissociation constant (/T d ) was calculated from the best-fit model using the program LIGAND. The data were analyzed for best fit to a one-or rwo-binding-site model. The data were consistent with the expression of one class of high-affinity binding sites. The K d ±SD is reported for the number of experiments indicated. WFbl, n=4; smooth muscle cells, n=3; mouse peritoneal macrophages, n=7; rabbit peritoneal macrophages, n=4.
tTwo determinations with fibroblasts and smooth muscle cells and a single determination with mouse peritoneal macrophages.
Since incubation of AcAc-LDL with PMA-stimulated rabbit smooth muscle cells and fibroblasts leads to stimulation of cholesteryl ester synthesis, experiments were performed to determine whether cholesterol and cholesteryl esters accumulate within the cells. As shown in Figure 9 , incubation of PMA-treated rabbit cells with AcAc-LDL led to a time-dependent accumulation of both cholesterol and cholesteryl esters. In the smooth cells were incubated for a longer period of time with AcAc-LDL in serum-free medium, cell viability was reduced and lipid loading did not increase. The cells also were not viable for extended periods of time when similar experiments were conducted in medium containing 2% serum or 2% albumin. The low level of lipid loading may therefore result from an inability to achieve optimum conditions for cell viability and lipid accumulation in vitro.
Discussion
In previous studies we have demonstrated that rabbit fibroblasts and smooth muscle cells express a receptor with similar properties to the acetyl LDL (scavenger) receptor, which was originally described on macrophages. 7 Scavenger receptor activity on the fibroblasts was increased up to 20-fold by incubation with phorbol esters. In the present study we have shown that treatment of rabbit smooth muscle cells and fibroblasts with phorbol esters or mezerein (a non-phorbol activator of protein kinase C) leads to a specific increase in highaffinity receptors for chemically modified LDL but not for native LDL. This increase in receptor activity was associated with an increase in scavenger receptor expression, as demonstrated by both immunoblotting and ligand blotting of membrane proteins from control and phorbol ester-treated cells. Binding of AcAc-LDL to the receptor is followed by internalization, degradation in the lysosomes, stimulation of cholesterol esterification, and an increase in the cholesterol and cholesteryl ester content of the cells.
The scavenger receptor has been purified from bovine liver membranes, 30 from the murine macrophage cell line p388Dl, 22 and from rabbit carrageenan-induced granulomas. 31 In all cases the functional unit of the receptor appeared to be a trimer. In ligand blots, acetyl LDL bound to a 220-260-kd protein that was not detected in reduced gels. Krieger and his colleagues (Kodama et al 8 and Rohrer et al 32 ) have recently cloned and sequenced two forms of the bovine scavenger receptor. Analogous forms of the receptor were subsequently cloned from mouse p388Dl cells 33 and from the human monocyte-derived cell line THP-1. 34 The bovine receptor purified from bovine lung membranes is a 220-kd protein that is present in cell membranes as a trimer of 77-kd subunits. 35 The two forms of the recep- Ligand blot and immunoblot analysis showed that the active form of the rabbit smooth muscle cell scavenger receptor is similar if not identical in apparent molecular weight to the rabbit and mouse peritoneal macrophage receptors. In addition, the receptor expressed by the phorbol ester-treated smooth muscle cells cross-reacts with antibodies raised to specific sequences of the bovine scavenger receptor. Taken together, the data suggest that the scavenger receptor activity in the smooth muscle cells is due to type I or type II scavenger receptor activity. The receptor expressed by the rabbit smooth muscle cells and fibroblasts differs in binding affinity from the receptor expressed by mouse peritoneal macrophages. The affinity for binding of AcAc-LDL to the PMAstimulated rabbit smooth muscle cells and fibroblasts (mean K d , -5.1 xlO" 10 M) is an order of magnitude higher than the affinity for the binding of AcAc-LDL to the scavenger receptor expressed by mouse peritoneal macrophages (K 6 , -4.1 xlO" 9 M). Rabbit peritoneal macrophages bound AcAc-LDL with an intermediate affinity. The reason for the difference in the binding affinity of AcAc-LDL to the scavenger receptor expressed by rabbit smooth muscle cells and fibroblasts and to rabbit macrophages is unclear; however, it raises the possibility that the cellular environment in which the receptor is expressed might affect the binding affinity. The difference in the binding affinity of AcAc-LDL to the rabbit and mouse receptors could therefore be the result of species differences in receptor structure and of differences in the properties of the cells in which the receptor is expressed. Comparison of the sequences of the mouse and rabbit scavenger receptors (when available) should provide interesting insights into the reason for these differences in affinity.
The increase in cell surface receptors for AcAc-LDL appears to be dependent on the activation of protein kinase C. This observation is based on the fact that activators of protein kinase C (mezerein and phorbol esters) stimulate receptor expression, but inactive analogues do not. 7 The mechanism by which phorbol esters lead to an increase in expression of the scavenger receptor may be species and/or cell-type specific. While phorbol esters increased the degradation of AcAc-LDL by rabbit smooth muscle cells and fibroblasts, phorbol ester treatment resulted in decreased degradation by rabbit macrophages. In addition, in agreement with a recent report by Fong et al, 36 we observed that treatment of mouse peritoneal macrophages with phorbol esters led to a decrease in degradation of AcAc-LDL and a corresponding decrease in lipoprotein-induced cholesterol esterification. The reason for these differences in the effect of phorbol ester treatment on scavenger receptor expression in these cell types is unknown. Phorbol esters also failed to increase scavenger receptor activity by bovine aortic endothelial cells (R.E. Pitas et al, unpublished observations), which are known to bind and degrade low levels of chemically modified LDL. 4 The scavenger receptor expressed by endothelial cells may, however, not be related to the type I and type II scavenger receptors. 37 The nonstimulated rabbit fibroblasts and smooth muscle cells express only low levels of scavenger receptor. In control smooth muscle cells not incubated with phorbol esters, only 5-10% as much degradation of AcAc-LDL was observed as in the PMA-stimulated cells. In addition, the receptor could not be demonstrated by ligand blot or immunoblot analysis of membrane proteins from control non-PMA-treated cells. For this reason we were not able to determine the binding affinity or the number of receptors expressed per cell. Phorbol ester treatment of rabbit smooth muscle cells and fibroblasts results in the expression of 3,500-10,000 high-affinity scavenger receptors per cell, 10-30% as many receptors as expressed by mouse peritoneal macrophages. Consistent with the difference in the number of receptors expressed, incubation of the phorbol ester-treated rabbit smooth muscle cells with AcAc-LDL (5 /ig/ml) led to 25% as much lipoprotein degradation and cholesteryl ester synthesis as in the macrophages. Incubation of PMA-treated smooth mus-cle cells and fibroblasts with AcAc-LDL (50 /xg cholesterol/ml) led to a two-to threefold increase in total cellular cholesterol and a 12-fold increase in cholesteryl esters. This level of lipid loading is not as great as that seen in mouse peritoneal macrophages 38 and does not result in foam cell formation. The reason for this low level of lipid accumulation is unclear; however, it could result from a combination of the lower level of scavenger receptor expression than in macrophages, to the relatively short period of incubation with the modified lipoprotein, and to the inability to achieve optimum conditions for lipid loading in vitro.
The accumulating evidence suggests that modified (oxidized) lipoproteins are in fact formed in vivo and that their uptake by macrophages of the arterial wall contributes to foam cell formation and atherogenes j s 39, 40 while the scavenger receptor has been implicated in this process, no receptor-mediated mechanism has been described to explain the formation of foam cells of smooth muscle cell origin. We have shown that rabbit smooth muscle cells express the scavenger receptor 7 and, as described here, that the receptor can be regulated by cytokines in platelet secretory products and by phorbol esters. These observations suggest that the receptor-mediated uptake of modified lipoproteins in vivo could contribute to the formation of foam cells of both macrophage and smooth muscle cell origin.
